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METHOD OF OPERATING FUEL CELL
SYSTEM

CROSS-REFERENCE TO RELAT
APPLICATION

s
w

This application claims benefit of priority to Korean Patent
Application No. 10-2012-0157490 filed 1n the Korean Intel-
lectual Property Office on Dec. 28, 2012, the entire contents

of which are incorporated herein by reference.

TECHNICAL FIELD

The present inventive concept relates to a method of oper-
ating a fuel cell system that generates electrical energy by
receiving air to an air electrode (cathode) and receiving
hydrogen to a fuel electrode (anode) and by chemically react-
ing the air and the hydrogen with each other.

BACKGROUND

In general, a fuel cell vehicle 1n which a fuel cell system 1s
mounted generates electricity by supplying hydrogen used as
tuel to a fuel cell stack and 1s driven by operating an electric
motor with the electricity that 1s generated by the fuel cell
stack.

Here, the fuel cell system 1s a kind of generation system
that directly electrochemically converts chemical energy of
tuel to electrical energy within a fuel cell stack instead of
changing to a heat by combustion.

In such a fuel cell system, hydrogen having high purity 1s
supplied from a hydrogen storage tank to an anode of a fuel
cell, and air of the atmosphere 1s directly supplied to a cathode
of the fuel cell using an air supply apparatus such as an air
blower.

Accordingly, the hydrogen that 1s supplied to the fuel cell
stack 1s separated into protons and electrons at a catalyst of
the anode, and the separated protons are moved to the cathode
through a polymer electrolyte membrane, and oxygen that 1s
supplied to the cathode 1s coupled to electrons that are moved
to the cathode through an external leading wire, and thus
while water 1s generated, electrical energy 1s generated.

Atthe anode of the fuel cell, there exist unreacted hydrogen
and moisture that moves from the cathode exhaust condensed
water. The unreacted hydrogen 1s supplied to the fuel cell
stack through a hydrogen recirculation device, and the con-
densed water 1s stored at a watertrap and 1s exhausted to the
outside.

When the unreacted hydrogen 1s recirculated, in order to
remove a foreign substance that 1s generated at the anode of
the tuel cell stack, the fuel cell system purges hydrogen.

In the fuel cell system, when a gas or a coolant 1s not
normally distributed, a performance of a specific cell 1s dete-
riorated and thus the specific cell may be degraded, and in
order to prevent this, a current limitation function 1s applied.

Further, when the performance of a specific cell 1s deterio-
rated, a foreign substance such as hydrogen and moisture 1s
purged through a purge valve, and by increasing a rotation
speed of a hydrogen blower and an air blower, the perfor-
mance of the cell may be recovered.

However, operation that increases a rotation speed of the
blower and that exhausts the foreign substance, increases
consumption of entire electrical energy and increases entire
tuel consumption of a vehicle.
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2

The above information disclosed in this Background sec-
tion 1s only for enhancement of understanding of the back-
ground of the inventive concept and therefore 1t may contain
information that does not form the prior art.

SUMMARY

The present inventive concept has been made 1n an effort to
provide a method of operating a fuel cell system having
advantages of increasing efficiency of an entire fuel cell by
reducing operation power that 1s consumed 1n a stack itself
even 1f a performance of a specific cell 1s deteriorated.

An aspect of the present mventive concept relates to a
method of operating a fuel cell system 1ncluding calculating,
voltages that are generated 1n each cell of a stack. It 1s deter-
mined whether the voltages satisty a voltage stability condi-
tion. When 1t 1s determined that the voltages do not satisiy a
voltage stability condition, 1t 1s determined whether a mois-
ture balance condition and a hydrogen supply condition are
satisfied. When 1t 1s determined that the moisture balance
condition and the hydrogen supply condition are satisfied, the
voltage stability condition are relieved and reset. It 1s deter-
mined whether the voltages that are generated 1n each cell of
the stack satisiy the reset voltage stability condition. When 1t
1s determined that the voltages that are generated in each cell
of the stack satisiy the reset voltage stability condition, the
stack 1s normally operated.

The method may further include limiting, when 1t 1s deter-
mined that the voltages that are generated in each cell of the
stack do not satisiy the reset voltage stability condition, an
output current by abnormally operating the stack.

An average value of the voltages that are generated 1n each
cell of the stack may be calculated, and a minimum value may
be selected. It may be determined whether a value that 1s
obtained by dividing the minimum value by the average value
1s equal to or lager than a predetermined value. When 1t 1s
determined that the value that 1s obtained by dividing the
minimum value by the average value 1s equal to or lager than
the predetermined value, it may be determined that the volt-
age stability condition 1s satisfied.

It may be determined that the voltage stability condition 1s
not satisfied, when it 1s determined that the value that 1s
obtained by dividing the minimum value by the average value
1s less than the predetermined value.

The moisture balance condition may be determined using
an open cycle of a condensation water purge valve of a hydro-
gen electrode.

The hydrogen supply condition may be determined using a
rotation speed and a supply pressure of a hydrogen blower
that supplies hydrogen.

The hydrogen supply condition may be determined based
on a cycle of hydrogen purge.

It may be determined whether the open cycle 1s 1n a prede-
termined range. When 1t 1s determined that the open cycle 1s
in the predetermined range, it may be determined that the
moisture balance condition 1s satisfied.

It may be determined whether a rotation speed and a supply
pressure of the hydrogen blower are 1n a predetermined range.
When 1t 1s determined that the rotation speed and the supply
pressure of the hydrogen blower are in the predetermined
range, 1t may be determined that the hydrogen supply condi-
tion 1s satisfied.

It may be determined whether the purge cycle 1s in a pre-
determined range. When it 1s determined that the purge cycle
1s 1n the predetermined range, 1t may be determined that the
hydrogen supply condition 1s satisfied.
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As described above, in a method of operating a fuel cell
system according to an aspect of the present inventive con-
cept, even if a voltage drops at a specific cell of a stack, when
hydrogen 1s stably supplied and water balance 1s stably main-
tained, by normally operating the stack, operating power of
the stack can be reduced and generation efficiency of the fuel
cell can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other features of the inventive concept
will be apparent from a more particular description of
embodiments of the mventive concept, as illustrated 1n the
accompanying drawings in which like reference characters
may refer to the same or stmilar parts throughout the different
views. The drawings are not necessarily to scale, emphasis
instead being placed upon illustrating the principles of the
embodiments of the inventive concept.

FIG. 1 1s a schematic diagram of a fuel cell system.

FI1G. 2 1s a graph 1llustrating a voltage of a cell over time by
a hydrogen pump function according to an exemplary
embodiment of the present inventive concept.

FIG. 3 1s a graph 1illustrating a voltage of a cell versus a
current density by a hydrogen pump function according to an
exemplary embodiment of the present imnventive concept.

FI1G. 4 1s a graph illustrating a voltage drop of a specific cell
according to an exemplary embodiment of the present mnven-
tive concept.

FIG. 5 1s a flowchart illustrating a method of operating a
tuel cell system according to an exemplary embodiment of
the present inventive concept.

DETAILED DESCRIPTION

In the following detailed description, only certain exem-
plary embodiments of the present inventive concept have
been shown and described, simply by way of 1llustration. As
those skilled in the art would realize, the described embodi-
ments may be modified 1n various different ways, all without
departing from the spirit or scope of the present mventive
concept. Accordingly, the drawings and description are to be
regarded as 1llustrative in nature and not restrictive. Like
reference numerals designate like elements throughout the
specification.

An exemplary embodiment of the present inventive con-
cept will heremaftter be described 1n detail with reference to
the accompanying drawings.

FIG. 1 1s a schematic diagram of a tuel cell system.

Referring to FIG. 1, the fuel cell system may include a
stack 120, a filter 100, an air blower 105, a humidifier 110, a
proportional control valve 130, an ejector 133, arecirculation
valve 150, a purge valve 140, a watertrap 145, a radiator 160,
a water pump 163, an opening degree adjustment valve 170,
and a control unit 180.

The control unit 180 may control constituent elements,
¢.g., the stack 120, the filter 100, the air blower 105, the
humidifier 110, the proportional control valve 130, the ¢jector
135, the recirculation valve 150, the purge valve 140, the
watertrap 145, the radiator 160, the water pump 1635, and the
opening degree adjustment valve 170, and generate electric-
ity by controlling hydrogen and oxygen that are supplied to an
anode and a cathode of the stack 120. Here, an internal
detailed structure of the stack 120 1s well-known technology
and therefore a detailed description thereotf will be omatted.
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In a state in which the stack 120 1s operated 1n a low
temperature (35° C. or less), as moisture 1s generated at a
separation plate (not separately shown) of the anode, a hydro-
gen shortage phenomenon may partially occur, a carrier of the
anode may be corroded, and a carrier of the cathode may be
corroded by oxygen that 1s moved to the anode.

However, 1n a condition in which hydrogen i1s normally
supplied, when air 1s insuilicient, by a hydrogen pump func-
tion, a hydrogen concentration of the air outlet side (see FIG.
1) may increase and degradation may not occur. Here, a
hydrogen pump function of the stack 120 1s well-known
technology and therefore a detailed description thereof wall
be omitted.

FIG. 2 1s a graph 1llustrating a voltage of a cell over time by
a hydrogen pump Ifunction according to an exemplary
embodiment of the present inventive concept, and FIG. 3 1s a
graph 1llustrating a voltage of a cell versus a current density
by a hydrogen pump function according to an exemplary
embodiment of the present inventive concept.

Referring to FIG. 2, a horizontal axis represents time, and
a vertical axis represents voltage of a cell.

While the stack operated, a voltage of a cell was not
dropped at each of case 1, case 2, and case 3 as an exemplary
embodiment.

Further, referring to FIG. 3, the horizontal axis represents
current density, and the vertical axis represents voltage of a
cell. As shown 1in FIG. 3, voltage of a cell that 1s operated for
100 hours was not deteriorated based on a reference cell.

That 1s, 1n a state in which hydrogen 1s normally supplied
and air 1s poorly supplied, a hydrogen concentration of the air
outlet side increases and a voltage drop due to degradation
does not occur by a hydrogen pump function between the
anode and the cathode.

FI1G. 4 1s a graph illustrating a voltage drop of a specific cell
according to an exemplary embodiment of the present inven-
tive concept.

Referring to FIG. 4, the horizontal axis represents channel
number of a cell, and the vertical axis represents voltage of the
cell. As shown in FIG. 4, a voltage drop phenomenon occurs
in which a low voltage 1s output at a specific cell.

FIG. § 1s a flowchart illustrating a method of operating a
fuel cell system according to an exemplary embodiment of
the present inventive concept.

Reterring to FIG. §, the stack 120 may be normally oper-
ated (S500). The control unit 180 may determine whether
cells of the stack 120 satisfy a voltage stability reference
(S510).

In more detail, the control unit 180 may sense a voltage that
1s generated 1n each cell of the stack 120, calculate an average
value of the sensed voltage values, and select a minimum
value thereof. The control umt 180 may divide the minimum
value by the average value. The control unit 180 determines
whether a value that 1s obtained by dividing the minimum
value by the average value 1s smaller than a predetermined
voltage stability reference (e.g., 0.8).

I1 the control unit determines that a value that 1s obtained
by dividing the mimimum value by the average value 1s
smaller than a predetermined voltage stability reference, the
control unit 180 may perform step S520. It the control unit
determines that the value that 1s obtained by dividing the
minimum value by the average value 1s equal to or larger than
the predetermined voltage stability reference, the stack may
be normally operated (S550).

The control unit 180 may determine whether a water bal-
ance condition and a hydrogen supply condition are satisfied
(5520). If the control unit 180 determines that the water
balance condition and the hydrogen supply condition are
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satisfied, the control unit 180 may perform step S540. If the
control unit 180 determines that at least one of the water

balance condition and the hydrogen supply condition 1s not
satisiied, the control unit 180 may perform step S530.

The water balance condition may be an open cycle and an
open time of the purge valve 140 corresponding to the anode
of the stack 120, and the control unit 180 may determine
whether the open cycle or the open time of the purge valve 140
satisfies a predetermined value.

A purge cycle of the purge valve in the water balance
condition may be obtained by multiplying an open cycle of
the valve by an added value 1n which a weight 1s given based
on a charge amount and by multiplying an open time of the
valve by the added value. A purge cycle may be set based on
the number of times of opening the valve. A purge cycle may
be calculated based on a cumulative operation time.

The hydrogen supply condition may be determined using a
rotation speed and a supply pressure of a hydrogen blower
(not separately shown) that supplies hydrogen to the stack
120 based on an output current (e.g., charge amount). That 1s,
it may be determined whether a supply pressure satisfies a
predetermined value, or it may be determined whether a rota-
tion speed of the hydrogen blower satisfies a predetermined
value.

Further, the hydrogen supply condition may be determined
based on a purge cycle of the hydrogen purge valve. That 1s,
when the purge cycle of the hydrogen purge valve 1s 1n a
predetermined range, the hydrogen supply condition may be
satisiied. Here, the purge cycle of the hydrogen purge valve
may be previously set according to a charge amount (e.g.,
current*time).

By performing operation that limits an output current of the
stack 120 (5330), a cell of the stack may be protected.

It may be determined whether cells of the stack 120 satisty
a voltage stability reference (5540).

In more detail, the control unit 180 may sense a voltage that
1s generated 1n each cell of the stack 120, calculate an average
value of the sensed voltage values, and select a minimum
value thereot. The control unit 180 may divide the minimum
value by the average value. The control unit 180 may deter-
mine whether a value that 1s obtained by dividing the mini-
mum value by the average value 1s smaller than a predeter-
mined voltage stability reference (e.g., 0.2).

If the control unit 180 determines that a value that 1s
obtained by dividing the minimum value by the average value
1s smaller than a predetermined voltage stability reference,
the control unit 180 may perform step S560. If the control unit
180 determines that the value that 1s obtained by dividing the
mimmum value by the average value 1s equal to or larger than
a predetermined voltage stability reference, the stack may be
normally operated (S550).

By performing operation that limits an output current of the
stack 120, the cell of the stack may be protected (S560).

While this inventive concept has been described 1n connec-
tion with what 1s presently considered to be practical exem-
plary embodiments, 1t 1s to be understood that the inventive
concept 1s not limited to the disclosed embodiments. On the
contrary, 1t 1s intended to cover various modifications and
equivalent arrangements included within the spirit and scope
of the appended claims.

DESCRIPTION OF SYMBOLS

100: filter 105: air blower

110: humidifier 120: stack

130: proportional control valve 135: ejector
140: purge valve 145: watertrap
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6

150: recirculation valve 160: radiator

165: water pump 170: opening degree adjustment valve

180: control unit

What 1s claimed 1s:

1. A method of operating a fuel cell system, comprising;:

calculating voltages that are generated in each cell of a
stack;

determining whether the voltages satisty a voltage stability
condition;

when 1t 1s determined that the voltages do not satisty the
voltage stability condition, determining whether a mois-
ture balance condition and a hydrogen supply condition
are satisfied:

when 1t 1s determined that the moisture balance condition
and the hydrogen supply condition are satisfied, reliev-
ing and resetting the voltage stability condition;

determining whether the voltages that are generated 1n each
cell of the stack satisiy the reset voltage stability condi-
tion;

when 1t 1s determined that the voltages that are generated 1n
cach cell of the stack satisiy the reset voltage stability
condition, normally operating the stack;

calculating an average value of the voltages that are gen-
erated 1n each cell of the stack:

selecting a minimum value;

determiming whether a value that 1s obtained by dividing
the mimimum value by the average value 1s equal to or
larger than a predetermined value; and

when 1t 1s determined that the value that 1s obtained by
dividing the minimum value by the average value 1s
equal to or larger than the predetermined value, deter-
mining that the voltage stability condition 1s satisfied.

2. The method of claim 1, further comprising:

when 1t 1s determined the voltages that are generated 1n
cach cell of the stack do not satisty the reset voltage
stability condition, limiting an output current by abnor-
mally operating the stack.

3. The method of claim 1, further comprising:

determining that the voltage stability condition 1s not sat-
1sfied, when 1t 1s determined that the wvalue that 1is
obtained by dividing the minimum value by the average
value 1s less than the predetermined value.

4. The method of claim 1, further comprising;

determiming the moisture balance condition using an open
cycle of a condensation water purge valve of a hydrogen
clectrode.

5. The method of claim 1, further comprising:

determining the hydrogen supply condition using a rota-
tion speed and a supply pressure of a hydrogen blower
that supplies hydrogen.

6. The method of claim 1, further comprising;

determining the hydrogen supply condition based on a
cycle of hydrogen purge.

7. The method of claim 4, further comprising;

determiming whether the open cycle 1s 1n a predetermined
range;

when 1t 1s determined that the open cycle 1s 1n the prede-
termined range, determining that the moisture balance
condition 1s satisiied.

8. The method of claim 5, further comprising:

determining whether the rotation speed and the supply
pressure of the hydrogen blower are 1n a predetermined
range;

when 1t 1s determined that the rotation speed and the supply
pressure of the hydrogen blower are 1n the predeter-
mined range, determining that the hydrogen supply con-
dition 1s satisfied.
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9. The method of claim 6, further comprising:

determining whether the purge cycle 1s 1n a predetermined
range,

when 1t 1s determined that the purge cycle 1s 1n the prede-
termined range, determining that the hydrogen supply 5
condition 1s satisfied.
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